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Intrarenal vascular changes with age and disease. The effect of
age and disease on extraglomerular medullary vascular path-
ways was studied. The intrarenal arterial patterns of 63 autopsied
kidneys were examined by microangiographic and histologic
techniques. The arteriole-glomerular (A—U) units were classified
into two basic types, i. e., cortical and juxtamedullary, on the
basis of the appearance of the efferent arterioles. The juxta-
medullary type may depart from its basic pattern to become
continuous, i. e., the afferent and efferent arterioles form a direct
connection. The frequency of this alteration (the continuity
index) increased in proportion to age in normal kidneys and to
the degree of damage in diseased kidneys. In contracted kidneys,
the cortical arterial tree was destroyed by obliteration of the
cortical A—U units whereas the medullary A—U units became
continuous and were relatively well preserved, thus maintaining
the medullary circulation.
Modifications vasculaires intrarénales en fonction de l'âge et de
l'atteinte pathologique. L'effet de l'ãge et de l'atteinte pathologique
sur les voies vasculaires extra glomérulaires a étd étudié. Les
modéles artériels intrarénaux de 63 reins d'autopsie ont été
examines par des techniques microangiographique et histolo-
gique. Les unites arteriole-glomérule (A—U) ont été classées dans
deux categories principales, corticale et juxta médullaire, sur Ia
base de l'aspect des arterioles efférentes. Le type juxta médullaire
peut différer de son aspect habituel et devenir continu, c'est-à-
dire que les arterioles afferente et efférente forment une commu-
nication directe. La fréquence de cette alteration (l'index de
continuite) augmente en fonction de l'hge dans les reins normaux
et en fonction de l'intensité de la destruction dans les reins
malades. Dans les reins diminués de volume l'arbre artériel
cortical est détruit par l'oblitération des A—U corticales alors
que les A—U médullaires deviennent continues et relativement
bien preservees, maintenant ainsi une circulation médullaire.
We have been interested in the structure of the arteriole-
glomerular unit (A-U unit) which consists of the glomerulus
and its afferent and efferent arterioles, it was formerly
believed that the afferent and efferent arterioles of a unit
communicated only via the glomerular capillary tuft [1].
More recently some authors have asserted that an increased
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frequency of direct continuity between the afferent and
efferent arterioles, i.e., arteriolae rectae verae, was a promi-
nent feature of aged or diseased kidneys [2—7]. This was
thought to be due to degeneration of juxtamedullary
glomeruli. Ljungqvist [8], using microangiographic and
histologic methods in the normal human kidney, reported
that the afferent and efferent arterioles of most of the units
in the juxtamedullary zone form continuous medullary
vessels and that the glomerular capillaries represent side
branches. However, Ljungqvist's findings have not yet
been universally accepted. Therefore, in the present study
we used microangiographic and histologic methods to
clarify the structure of the A-U units in normal kidneys
and to determine the incidence of communicating vessels
between afferent and efferent arterioles of juxtamedullary
glomeruli in normal and diseased kidneys of various ages.
Our results in normal adult kidneys tend to confirm the
findings of Ljungqvist [8]. However, somewhat different
results were obtained in the kidneys of younger subjects.
Methods
One kidney was obtained from each of 63 autopsied
patients ranging in age from nine months to 92 years. This
material included 30 diseased kidneys (chronic glomerulo-
nephritis —11; arteriolonephrosclerosis —9; chronic pyelo-
nephritis —2; polycystic kidney —2; multiple myeloma —2;
hydronephrosis, interstitial nephritis, hepato-renal syndrome
and diabetic glomerulosclesrosis — oneeach) and 33 normal
kidneys. Microangiographie and histologic studies were
conducted in each kidney according to the method of
Ljungqvist [5]. The contrast medium was a 7.5% aqueous
suspension of fine grain barium sulphate (Micropaque)
which had been sedimented for five hr to separate the
largest particles, bottled and left to stand for 48 hr before
use. The solution was injected into the renal arterial tree via
the aortic orifice of the renal artery at a pressure of 80 mm
Hg. The pressure was gradually increased to 160 mm Hg
over a three hr period. The kidney was then fixed in 10%
FIR. 1. Structure and classification of the A—C units. A—C units
were classified into two basic types, cortical and juxtamedullary,
depending on the form of the efferent arterioles. Cortical types
were arranged in various stages of degeneration terminating in
complete atrophy of the A—C units. The juxtamedullary type
departed from the basic pattern (Type 1) to become continuous
(Types J1—IV) where the afferent and efferent arterioles formed
a direct connection.
Forms of communication between the arterioles
and the glomeruh at the vascujar nole
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neutral formalin for at least 96 hrs before it was cut into
slices, 3 to 5 mm in thickness. At least 10 blocks comprising
a complete lobe with surrounding renal columns and adja-
cent parts of the pelvic tissue were chosen from each sliced
kidney. These were cut into six to ten serial blocks 500
micra in thickness with a freezing microtome for micro-
angiography.
Angiography of the tissues was carried out with a fine
grain photographic emulsion (Fuji FG-l 5) using a fine focus
X-ray apparatus. An exposure time of five mm at 15 kvp
and 0.4 mA with a film-to-focus distance of 60 cm was
established as the standard condition.
After angiography the tissue blocks were re-embedded in
paraffin. Twelve serial sections 5 to 7 jt in thickness were
cut from each block for histologic examination. The sec-
tions were stained with hematoxylin-eosin and Mallory-
Azan. The microangiograms were studied by ordinary light
microscopy parallel with examination of the stained section
of the same specimen. We ascertained that in some of the
fresh kidneys the contrast medium did enter the ascending
vasa recta via the hair-pin ioop or capillaries. However, it
was possible to differentiate the ascending vasa recta
from arterial systems by serial microangiograms and histo-
logic sections as described above.
Continuity index. A-G units can be classified into two
basic types, cortical and juxtamedullary, depending on the
forms of the efferent arterioles fFigs. 1 and 2]. In the corti-
cal type, the efferent arterioles are considerably smaller
than the corresponding afferent arterioles. They divide into
a peritubular capillary network found mostly in the cortical
layer. These cortical units can be found in various stages
of degeneration (Type TI—TV) finally ending in complete
atrophy of the A-G units. On the other hand, the efferent
arterioles of the juxtamedullary type are distinctly larger in
caliber and split up into bundles of medullary vessels
(arteriolae rectae). They are mainly found in the juxta-
medullary zone. The juxtamedullary A-G units may depart
from the basic pattern in which blood flow from afferent
to efferent arteriole occurs via the glomerular capillary tuft
(Type I), to become continuous types (Types TI—TV). In
Types TI to TV the afferent and efferent arterioles form a
direct connection subsequent to the degeneration of the
glomeruli. In this study at least 100 juxtamedullary A-G
units were classified in each kidney into Type I (via glome-
rulas) or type TI—TV (continuous type). The identification of
the two types was based on the appearance of vessels which
were microangiographically clearly identifiable along their
entire lengths, i.e., from their points of origin to their
divisions into bundles of medullary vessels. This classifi-
cation was based on observations made in both the serial
microangiograms and the histologic sections. The "conti-
nuity index" was calculated for each kidney and represents
the ratio of the number of continuous types (II—IV) divided
by the number of total juxtamedullary A-G units.
Lesion index. The degree of damage to 100 glomeruli,
arterioles and small arteries (interlobular arteries) was
Fig. 2. Corresponding micro-angiograms of the schema depicted
in Fig. 1. The patterns of cortical and juxtamedullary A—G units
in various stages of glomerular degeneration are shown (x 42).
estimated respectively on a stained specimen according to
the criteria shown in Table 1. A score of zero was given to
degree 0, one to degree I, two to degree II, three to degree
III and four to degree IV. The scores were summed to
obtain a lesion index of each component as follows.
glomerular, arteriolar or small arterial lesion index
=(Oxn0)+(1 xn1)+(2xn2)+(3 xn3)+(4xn4)
n1+n2+n3+n4= 100
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Table 1. Criteria of the degrees of histological changes in the intrarenal vascular tissues
Grade Glomerulus Arteriole Small artery Score
0 Normal Normal Normal 0
I Slightly atrophic glomeruli
with slight wrinkling
Partial hyaline deposit
in arteriolar wall
Some elastic duplication I
II Intermediate between I and Ill.
Thickening of the Bowman's
capsule and moderate wrinkling
of the capillary wall
Marked hyaline deposition
without luminal narrowing
Fibrous intimal thickening
and some destructive changes
of the media
2
III Thickening of the capillary
basement membranes, beginning
of hyalinization but blood
circulation is preserved
Intensive hyaline deposition
with luminal narrowing
Grade II change with
luminal narrowing 3
TV Most of glomeruli are
hyalinized and blood circulation
is obliterated
Fibrinoid necrosis
and/or obliteration of
the vascular lumen
Lamination
4
y = 1.1 lx + 5.22
?0913 (P<0.0l)
Fig. 3. Relationship between age and the continuity index in normal
kidneys. The continuity index increased directly with age.
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Fig. 4. Relationship between age and the continuity index in
diseased kidneys. A dotted line shows the equation in normal
kidneys (chronic glomerulonephritis —., arteriolonephroslerosis
— x, other diseased kidneys —
where n0, n1, n2, n3 and n4 indicate the numbers of glomeruli,
arterioles, or small arteries which belong to grades 0, 1, 2, 3
and 4, respectively. The sum of the glomerular, arteriolar
and small arterial lesion indices of each kidney was called
the total lesion index.
Results
In order to elucidate the factors by which juxtamedullary
A-G units undergo morphological alteration, the relation-
ships between the continuity index and the age, and the
continuity index and the lesion index were determined.
Effect of ageing. In normal kidneys, Fig. 3., the relation-
ship between the age of the patient and the continuity
index showed a high degree of correlation (y = 1.11 x + 5.2;
r=0.9l3; P<0.01). It is worthy of note that some units of
the continuous type were present at the age of nine months
e0'.
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a
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(continuity index —9%). The continuity index increased
directly with age and the continuous type became dominant
after age 45. On the other hand, no correlation could be seen
between the age and the continuity index in diseased
kidneys (Fig. 4). The continuity index was far greater than
that expected from the ageing process alone, especially in
chronic glomerulonephritis. Even in relatively mild cases
of this disorder, continuity indices were above 90%,
regardless of age.
Relationship between the lesion index and the continuity
index. The intrarenal arterial pattern in the normal kidney is
shown in Figs. 5 and 6. The extent of the histopathological
alterations varied depending on the type of primary renal
disease. However, intrarenal vascular patterns tended to
be similar when the total lesion index exceeded 500
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Fig. 5. Micro-angiogram of a normal kidney at the age of twenty
four years (x5).
regardless of the original etiology of the disease. This
represented an advanced stage, i.e., contracted kidneys in
which the cortical arterial tree was severely damaged with
obliteration of the cortical A-G units. In the juxtamedullary
zone, the vasa rectae verae, which serve the medullary
circulation, were well preserved with extensive spiralling
(Figs. 7 and 8).
The relation between the lesion index of each vascular
tissue and the continuity index is shown in Figs. 9a to d.
Glomerular and total lesion indices showed very significant
correlations with the continuity index.
Discussion
It has previously been reported that degeneration of
glomeruli in the cortical A-G units results in atrophy of
afferent and efferent vessels. This leads to a gradual reduc-
tion in the circulation of blood through the cortical A-G
units. In the juxtamedullary type, on the other hand, the
arteriolae rectae verae which are formed by direct continuity
of the afferent and efferent arterioles are increased in
number in both diseased and aged kidneys [2—8].
The precise identification of continuous (extraglomerular)
and non-continuous (via glomerular) A-G units is very
Fig. 6. Micro-angiogram of the same normal kidney depicted in
Fig. 5 showing the cortical type I (arrow A), continuous type
(arrow B) and non-continuous type (arrow C) of juxtamedullary
A—G units (x 38).
difficult in microangiograms alone when the arterioles are
overshadowed by the glomerular tufts. Therefore, the
continuity of juxtamedullary A-G units was examined by
counting only those which were clearly identifiable along
their entire lengths from the points of origin to their divi-
sions into bundles of medullary vessels. This was confirmed
by reviewing series of microangiographic and histologic
sections. In this way, the percentage of arteriolae rectae
verae, i.e., the continuity index, was calculated for each
kidney. This presumably represents the degree of shunting
of cortical blood to the medullary circulation.
Many studies of the effect of ageing on the kidney have
been reported [4. 9—13]. Ljungqvist found that an increase
in the number of aglomerular juxtamedullary arterioles
with spiralling of the vasa rectae verae was a prominent
feature in the older kidney [5]. It is interesting that in our
studies, a kidney at the age of nine months with a low
lesion index had a continuity index of 9°c. Ljungqvist [5, 14]
also reported that arteriolae rectae verae occur from the
seventh fetal month. More recently, Ljungqvist reported
that in normal adolescent and adult kidneys, a majority of
the juxtamedullary units had connecting vessels with the
glomerular capillaries given off as side branches. The fetal
., ii
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Fig. 7. Micro-angiogram of a contracted kidney due to c/ironic
glomerulonephritis. The cortex is shrunken with obliteration of
cortical A—G units. The arterial tree assumes an intensive spirall-
ing course. Medullary vessels are well preserved as compared to
cortical vessels (x 18).
and infant juxtamedullary units, however, presented as
cortical in type [8]. In the present investigation, we obser-
ved considerably fewer connecting vessels in kidneys from
normal young subjects. The continuity index increased
significantly with age so that in aged kidneys, most of the
juxtamedullary A-G units were of the continuous type as
noted by Ljungqvist [8]. In diseased kidneys, especially in
chronic glomerulonephritis including relatively mild cases,
the continuity index was far greater than that expected
from the ageing process alone.
Cortical ischemia has been thought to represent the
mechanism of the direct connection between afferent and
efferent arterioles in the normal young kidney with minimal
histological changes [5, 6, 15, 16]. Recently, Ljungqvist [8]
suggested that in neonatal kidneys afferent and efferent
arterioles became continous through arterialization of a
proximal glomerular capillary which then migrates to the
vascular pole. McManus and Lupton [17], working with
hypertensive kidneys, believed that a direct connection
was formed by the dilatation of the central vascular channel
in the glomerulus near the hilum and represented a mani-
festation of ischemic change of the glomerulus.
Fig. 8. Micro-angiogram of the same specimen depicted in Fig. 7
showing the continuous aglomerular vessels (arrows) in the
juxtamedullary zone (x 36).
Our results in diseased kidneys, particularly in chronic
glomerulonephritis, are consistent with the findings
noted in experimental glomerulonephritis induced in
rabbits as reported by Sawabu et al [18]. The significant
correlation between the formation of direct vessels and
even mild glomerular damage suggests the following mecha-
nism for the formation of a direct connection between affer-
ent and efferent arterioles: when transient renal ischemia is
produced by any cause, reversible medullary shunts can be
formed through the juxtamedullary A-G units. When the
ischemic stage continues for a long enough period (advanced
age, renal diseases, etc.) irreversible structural medullary
pathways may then be established.
The increased number of arteriolae rectae verae in diseased
and aged kidneys probably has physiologic significance.
Gömöri and coworkers [3] suggested that maintenance of
the medullary circulation by the arteriolae rectae verae
might possibly play a role in tubular secretory function.
Ljungqvist [8] has suggested that the formation of contin-
uous afferent and efferent arteriole shunts in the juxta-
medullary units with the glomerular capillaries given off as
side branches indicates the existence of an extraglomerular
shunt of varying capacity for the maintenance of medullary
blood flow. We also suggest that the increased numbers
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of the continuous type of juxtamedullary A-G units in
diseased and aged kidneys would be of particular importance
for the maintenance of the medullary blood flow. Takeuchi
and coworkers [19, 20] indicated that cortical blood flow
was reduced while the medullary flow was relatively well
preserved in patients with chronic renal failure. They
suggested that this might enhance medullary washout
thereby affecting the countercurrent system. This mechanism
might be operative in contributing to the hyposthenuria
and polyuria of renal failure.
In this study, in contracted kidneys due to chronic
glomerulonephritis and other diseases, the devastation of
the cortical vasculature could be chiefly attributed to the
obliteration of the cortical AG units. However, the vessels
concerned with medullary circulation, i.e., recta vessels,
were relatively well preserved.
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